EM 1110-2-5025
25 Mar 83

CHAPTER 4
DI SPCSAL  ALTERNATI VES

4-1. [ ntroducti on.

a. Wiile selection of proper dredging equi pment and techniques is es-
sential for econonic dredging, the selection of a disposal alternative is
of equal or greater inportance in deternining viability of the project,
especially from the environnental standpoint. There are three nmjor dis-
posal alternatives available:

(1) Open-water disposal.

(2) Confined disposal.

(3) Habitat devel opnent.
Each of the nmmjor disposal alternatives involves its own set of unique con-
siderations, and selection of a disposal alternative should be nade based
on both economc and environmental considerations.

h. This chapter describes considerations in evaluation of disposal
alternatives , primarily from an environmental standpoint. Sections on
eval uation of pollution potential and sedi ment resuspension due to dredging
apply to all disposal alternatives, while separate sections describe con-
siderations of each of the three mmjor disposal alternatives.

Section |I. Evaluation of Dredged Material Pollution Potential

4-2. Influence of Disposal Conditions on Environnental |npact.

a. As discussed in WVES TR DS-78-6, the properties of a dredged sedi-
nent affect the fate of contaminants, and the short- and | ong-term physical
and chemnical environnment of the dredged naterial at the disposal site in-
fluences the environmental consequences of contamnants. These factors
shoul d be considered in evaluating the environmental risk of a proposed
di sposal nethod for contami nated sediment. The processes involved with re-
| ease or immmbilization of nost sedinent-associated contanminants are regu-
lated to a large extent by the physical -chemnical environment and the re-
| ated bacteriological activity associated with the dredged material at the
di sposal site. Inportant physical-chemical parameters include pH,
oxi dation-reduction conditions, and salinity. \Were the physical-chem cal
envi ronnent of a contami nated sedinment is altered by disposal, chem cal and
bi ol ogi cal processes inportant in determ ning environnmental consequences of
potentially toxic materials may be affected.

h. The mmjor sedinent properties that will influence the reaction of
dredged material with contam nants are the anount and type of clay; organic
matter content; ampunt and type of cations and anions associated with the
sediment; the anpunt of potentially reactive iron and manganese; and the
oxi dation-reduction, pH and salinity conditions of the sedinent. Although
each of these sedinent properties is inportant, nuch concerning the rel ease
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of contanminants from sedi nents can be inferred fromthe clay and organic
matter content, initial and final pH and oxidation-reduction conditions
Much of the dredged material removed during harbor and channel maintenance
dredging is high in organic matter and clay and is both biol ogically and
chemcally active. It is usually devoid of oxygen and may contain appre-
ciable sulfide. These sedinment conditions favor effective retention of
many contaninants, provided the dredged nmaterials are not subject to mxing
resuspension, and transport. Sandy sedinents low in organic matter content
are nuch less effective in retaining nmetal and organic contam nants. These
materials tend not to accunul ate contami nants unless a contam nation source
is nearby. Shoul d contami nation of these sedinents occur, potentially
toxi ¢ substances may be readily rel eased upon mxing in a water colum, or
by |eaching and possibly plant uptake under intertidal or upland disposa
condi tions.

¢c. Many contaninated sedinments are reducing and near neutral in pH
initially. Di sposal into quiescent waters will generally naintain these
conditions and favor contaminant retention. Certain sedinents (noncal-
careous and contai ning appreci able reactive iron and particularly reduced
sul fur conpounds) may become noderately to strongly acid upon gradua
drai nage and subsequent oxidation as may occur under upland disposal condi-
tions. This altered disposal environment greatly increases the potentia
for releasing potentially toxic metals. In addition to the effects of pH
changes, the release of mst potentially toxic metals is influenced to sone
extent by oxidation-reduction conditions, and certain of the netals can be
strongly affected by oxidation-reduction conditions. Thus, contaninated
sandy, |ow organi c-nmatter-content sedinents pose the greatest potential for
rel ease of contaminants under all conditions of disposal. Sediments which
tend to becone strongly acid upon drainage and | ong-term oxidation al so
pose a high environmental risk under sone disposal conditions. The inplica-
tions of the influence of disposal conditions on contaninant mobility are
di scussed bel ow.

4-3.  Methods of Characterizing Pollution Potential.

a. Bioassay. Bioassay tests are used to deternmine the effects of a
contam nant(s) on biological organisnms of concern. They involve exposure
of the test organisns to dredged material (or some fraction such as the
elutriate) for a specified period of time, followed by determnation of the
response of the organisms. The npbst common response of interest is death.
Often the tissues of organi sns exposed to dredged naterial are anal yzed
chenmically to determine whether they have incorporated, or bioaccunul ated
any contamnants from the dredged material. Bioassays provide a direct in-
dication of the overall biological effects of dredged material. They re-
flect the cumul ative influence of all contam nants present, including any
possible interactions of contaminants. Thus, they provide an integrated
measur enent of potential biological effects of a dredged material discharge.
For precisely these reasons, however, a bioassay cannot be used to identify
the causative agent(s) of inpact in a dredged material. This is of in-
terest, but is seldom of inportance, since usually the dredged material can-
not be treated to renove the adverse conponents even if they could be iden-
tified. Dredged material bioassay techniques for aquatic animals have been
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i npl enented in the ocean-dunping regul atory programfor several years
(item 1) and are easily adapted for use in fresh water. Dredged material
bi oassays for wetland and terrestrial plants have al so been devel oped
(item 2) and are conming into ever-w der use

h. Water Columm Chemistry. Chemical constituents contained in or as-
sociated with sedinents are unequally distributed among different chenica
fornms depending on the physical -chem cal conditions in the sedinents and
the overlying water. When contami nants introduced into the water colum
become fixed into the underlying sediments, they rarely if ever becone part
of the geol ogical mneral structure of the sedinment. I nstead, these con-
tam nants remain dissolved in the sediment interstitial water, or pore
wat er, become absorbed or adsorbed to the sedinent ion exchange portion as
ionized constituents, form organic conplexes, and/or become involved in com
pl ex sedi nent oxidation-reduction reactions and precipitations. The frac-
tion of a chemical constituent that is potentially available for release to
the water colum when sediments are disturbed is approxinated by the inter-
stitial water concentrations and the |oosely bound (easily exchangeabl e)
fraction in the sediment. The elutriate test is a sinplified simulation of
the dredgi ng and di sposal process wherein predeterm ned anpbunts of dredging
site water and sedinment are mixed together to approxinate a dredged nmateria
slurry. The elutriate is anal yzed for major dissolved chemical constituents
deened critical for the proposed dredging and disposal site after taking
into account known sources of discharges in the area and known character-
istics of the dredging and disposal site. Results of the analysis of the
elutriate approximate the dissolved constituent concentration for a pro-
posed dredged material disposal operation at the nmoment of discharge. These
concentrations can be conpared to water quality standards and m xi ng zone
consi derations to evaluate the potential environmental inpact of the pro-
posed di scharge activity in the discharge area

c. Total or Bulk Sedinment Chenmistry. The results of these analyses
provide sone indication of the general chemical sinmlarity between the
sediments to be dredged and the sedinments at the proposed disposal site.
The total conposition of sedinents, when conpared with natural background
levels at the site, will also, to some extent, reflect the inputs to the
wat erway from which they were taken and may sonetines be used to identify
and |ocate point source discharges. Since chemical constituents are parti-
tioned anong various sedinent fractions, each with its own nobility and bio-
logical availability, a total sedinent analysis is not a useful index of
the degree to which dredged material disposal will affect water quality or
aquatic organisns. Total sedinent analysis results are further limted be-
cause they cannot be conpared to any established water quality criteria in
order to assess the potential environmental inpact of discharge operations.
This is because the water quality criteria are based on water-sol uble
chem cal species, while chenmical constituents associated with dredged mate-
rial suspensions are generally in particul ate/solid-phase forms or mineral-
ogi cal fornms that have nmarkedly lower toxicities, mobilities, and chemca
reactivities than the solution-phase constituents. Consequently, little
i nfornation about the biological effects of solid-phase and mineral consti-
tuents that nmake up the largest fraction of dredged material can be gai ned
fromtotal or bulk sedinent analysis.

4-3



EM 1110-2-5025
25 Mar 83

Section Il. Sedinent Resuspension Due to Dredging

4-4.  Factors Influencing Dredging Turbidity.

a. Qccurrence and Extent. The nature, degree, and extent of sedinent
suspension around a dredging or disposal operation are controlled by nany
factors, as discussed in WES TR DS-78-13. Chi ef anobng these are: the par-
ticle size distribution, solids concentration, and composition of the
dredged material; the dredge type and size, discharge/cutter configuration,
discharge rate, and solids concentration of the slurry; operational proce-
dures used; and finally the characteristics of the hydraulic regine in the
vicinity of the operation, including water conposition, tenmperature and hy-
drodynamic forces (i.e., waves, currents, etc.) causing vertical and hori-
zontal mxing. The relative inportance of the different factors may vary
significantly fromsite to site

bh. Hopper Dredge. Resuspension of fine-grained maintenance dredged
mat erial during hopper dredging operations is caused by the dragheads as
they are pulled through the sediment, turbulence generated by the vesse
and its prop wash, and overflow of turbid water during hopper filling opera-
tions. During the filling operation, dredged material slurry is often
punped into the hoppers after they have been filled with slurry in order to
maxi m ze the amount of solid material in the hopper. The |ower density,
turbid water at the surface of the filled hoppers overflows and is usually
di scharged through ports |ocated near the waterline of the dredge. In the
vicinity of hopper dredges during maintenance operations, a near-bottom
turbidity plume of resuspended bottom material may extend 2300 to 2400 ft
downcurrent from the dredge. In the imediate vicinity of the dredge, a
wel | -defined, upper plume is generated by the overflow process. Approxi-
mately 1000 ft behind the dredge the two plunes nerge into a single plunme
(fig. 4-1). Suspended solid concentrations above anbient nay be as high as

éﬁ—-— HOPPER DRE[IE

Figure 4-1. Hypothetical suspended solids plune down-
stream of a hopper dredge operation with overflow in
San Francisco Bay (all distances in feet)*
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several tens of parts per thousand (grams per litre) near the discharge port
and as high as a few parts per thousand near the draghead. Turbidity
levels in the near-surface plune appear to decrease exponentially with in-
creasing distance from the dredge due to settling and dispersion, quickly
reaching concentrations less than 1 ppt. However, plune concentrations may
exceed background |levels even at distances in excess of 4000 ft.

c. Bucket or danshell Dredge. The turbidity generated by a typical
clanmshel | operation can be traced to sedinent resuspension occurring when
the bucket inpacts on and is pulled off the bottom turbid water spills
out of the bucket or |eaks through openings between the jaws, and nateri al
is inadvertently spilled during the barge |oading operation. There is a
great deal of variability in the amount of material resuspended by clam
shel| dredges due to variations in bucket size, operating conditions, sedi-
ment types, and hydrodynanic conditions at the dredging site. Based on
limted nmeasurenments, it appears that, depending on current velocities, the
turbidity plume downstream of a typical clanshell operation may extend ap-
proxi mately 1000 ft at the surface and 1600 ft near the bottom  Maxi num
concentrations of suspended solids in the surface plume should be |ess
than 0.5 ppt in the imediate vicinity of the operation and decrease
rapidly with distance from the operation due to settling and dilution of
the material. Average water-colum concentrations should generally be |ess
than 0.1 ppt. The near-bottom plume will probably have a higher solids
concentration, indicating that resuspension of bottom material near the
clanshel | inpact point is probably the primary source of turbidity in the
| oner water colum. The visible near-surface plume will probably dissipate
rapidly within an hour or two after the operation ceases.

d. Cutterhead or Hydraulic Pipeline Dredge. Mst of the turbidity
generated by a cutterhead dredging operation is usually found in the vi-
cinity of the cutter. The levels of turbidity are directly related to the
type and quantity of nmmterial cut, but not picked up, by the suction. The
ability of the dredge's suction to pick up bottom material determnes the
amount of cut material that remains on the bottom or suspended in the water
colum. In addition to the dredging equi pment used and its node of opera-
tion, turbidity may be caused by sloughing of nmaterial from the sides of
vertical cuts; inefficient operational techniques; and the prop wash from
the tenders (tugboats) used to nove pipeline, anchors, etc., in the shallow
wat er areas outside the channel. Based on limted field data collected
under low current conditions, elevated |levels of suspended material appear
to be localized in the immediate vicinity of the cutter as the dredge
swings back and forth across the dredging site. Wthin 10 ft of the cutter,
suspended solids concentrations are highly variable but may be as high as
a few tens of parts per thousand; these concentrations decrease exponen-
tially fromthe cutter to the water surface. Near-bottom suspended solids
concentrations may be elevated to levels of a few tenths of a part per
thousand at distances of less than 1000 ft from the cutter.
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Section IIl. Open-Water Disposa

4-5.  Behavior of Discharges from Various Types of Dredges.

a. Hopper Dredge. The characterisitics and operation of hopper
dredges are discussed in para 3-3 of this manual. Wen the hoppers have
been filled as described, the dragarns are raised and the hopper dredge pro-
ceeds to the disposal site. At the disposal site, hopper doors in the bot-
tomof the ship's hull are opened and the entire hopper contents are enptied
in a mtter of seconds; the dredge then returns to the dredging site to re-
load. This procedure produces a series of discrete discharges at intervals
of perhaps one to several hours. Upon release fromthe hopper dredge at
the disposal site, the dredged material falls through the water colum as a
wel | -defined jet of high-density fluid which may contain bl ocks of solid
material. Ambient water is entrained during descent. After it hits bottom
some of the dredged material comes to rest. Some material enters the hori-
zontal ly spreading bottomsurge formed by the inpact and is carried away
fromthe inpact point until the turbul ence of the surge is sufficiently re-
duced to pernit its deposition.

h. Bucket or COanshell Dredge. Bucket dredges renmpbve the sedi nment
being dredged at nearly its iin situ density and place it in barges or scows
for transportation to the disposal area, as described in para 3-8. Al-

t hough several barges may be used so that the dredging is essentially con-
tinuous, disposal occurs as a series of discrete discharges. The dredged
material nay be a slurry simlar to that in a hopper dredge, but often sedi-
nments dredged by clanshell remain in fairly large consolidated clunps and
reach the bottomin this form \Whatever its form the dredged material de-
scends rapidly through the water colum to the bottom and only a snal
amount of the naterial renmmins suspended

c. Cutterhead or Hydraulic Pipeline Dredge. The operation of a cutter-
head dredge, described in para 3-4, produces a slurry of sedinent and water
di scharged at the disposal site in a continuous stream As the dredge pro-
gresses up the channel, the pipeline is noved periodically to keep abreast
of the dredge. The discharged dredged material slurry is generally dis-
persed in three nobdes. Any coarse material, such as gravel, clay balls, or
coarse sand, will immediately settle to the bottom of the disposal area and
usual ly accumul ates directly beneath the discharge point. The vast ngjor-
ity of the fine-grained material in the slurry also descends rapidly to the
bottomin a well-defined jet of high-density fluid, where it forns a | ow
gradient circular or elliptical fluid nud rmound. Approximately 1 to 3 per-
cent of the discharged material is stripped away fromthe outside of the
slurry jet as it descends through the water columm and remai ns suspended as
a turbidity plunme

4-6. Dredged Material Dispersion at the Discharge Site.

a. Water-Colum Turbidity. The levels of suspended solids in the
wat er colum around a di scharge operation generally range froma few hun-
dredths to a few tenths of a part per thousand. Concentrations are highest
near the discharge point and rapidly decrease with increasing distance
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downstream from the discharge point and laterally away from the plunme cen-
ter line due to settling and horizontal dispersion of the suspended solids.
Concentrations al so decrease rapidly between each discrete hopper or barge
discharge and after a pipeline is shut down or noved to a new |ocation.
Under tidal conditions, the plume will be subject to the tidal dynam cs of
the particular bay, estuary, or river nouth in which the dredging activity
takes place. Many of the Corps projects have been studied in physical hy-
draulic nodels, and estimates of plume excursion can be nade fromtheir
model reports. Rough estimtes can be made from numerical nodels.  Mathe-
matical nodel result can be materially inproved when calibrated by physica
and/ or prototype data; except under very sinple conditions, all nodels have
to be verified with prototype or prototype-derived data. In rivers where
the flow is unidirectional, the plune length is controlled by the strength
of the current and the settling properties of the suspended material. In
both estuarine and riverine environnents the natural |evels of turbul ence
and the fluctuations in the rate of slurry discharge will usually cause the
i deal i zed teardrop-shaped plume to be distorted by gyres or eddylike pat-
terns, as in figure 4-2

bh. Fluid Mud. A small percentage of the fine-grained dredged mate-
rial slurry discharged during open-water disposal is dispersed in the water
colum as a turbidity plune; however, the vast mmjority rapidly descends to
the bottom of the disposal area where it accunul ates under the discharge
point in the formof a lowgradient fluid nmud nound overlying the existing
bottom sedinent, as shown in figure 4-3. If the discharge point of a hy-
draulic pipeline dredge is moved as the dredge advances, a series of nounds
will develop. The majority of the nounded material is usually high-density
(nonflowing) fluid nud that is covered by a surface |ayer of |owdensity
(flowing or nonflowing) fluid mud. Under quiescent conditions, nore than
98 percent of the sediment in the nmudflow remains in the fluid nmud | ayer at
concentrations greater than 10 ppt, while the renmaining 2 percent nay be
resuspended by mixing with the overlying water at the fluid nud surface
Fluid nud will tend to flow downhill as long as the bottom slope is ap-
proximately 1 percent or greater. A study of hopper dredge disposal at
Carquinez Strait, San Francisco Bay, showed concentrations of dredged mate-
rial in the water colum were generally less than 0.2 ppt above background
and persisted for only a few tens of mnutes. However, 3 to 8 ft above the
bottom concentrations reached 20 ppt in a fluid mud layer. Simlar occur-
rences of |ow suspended sedi nent concentrations in the water colum with
concentrations on the order of several tens of parts per thousand just
above the bottom as in figure 4-4, have been discussed for pipeline dredge
discharges in WES TR DS-78-13. These conditions persist for the duration
of the disposal operation at the site and for varying tinmes thereafter as
the material consolidates to typical sedinent density.

¢.  Mounding. If bottom slopes are not great enough to nmintain mud-
flows, the fluid nud will stop and begin to consolidate. Wen suspended
sedi nent concentrations exceed 200 ppt the fluid nud can no | onger flow
freely but will accunulate around the discharge point in a | ow gradient
(e.g., 1:500) fluid nmud nmound. At the water colum/fluid nud interface
the solids concentration increases very abruptly from perhaps a few tenths
of a part per thousand in the water to approximtely 200 ppt in the fluid
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Figure 4-2. Mddepth (3.0 ft) turbidity plume generated by
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Current flow is generally toward the northeast.

4-8



EM 1110-2-5025
25 Mar 83

P -

o
S R SN
77777777 7777777 77777777 77T 77

NO CURRENT e

PREDOM NANT
CURRENT

VERTI CAL DI SCHARGE HORI ZONTAL DI SCHARGE

Figure 4-3. Effect of discharge angle and predom nant current direction
on the shape of a fluid nmud nound.

4-9



EM 1110- 2- 5025

25 Mar 83
BACKGROUND
DREDGE SUSPENDED TOTAL
1500 _SIZE SOLIDS WATER
LOCATION em IN. ppm DEPTH, FT
400 b 0———0 ATCHAFALAYA BAY 71 28 30-100 5.9
! O0— —a APALACHICOLA BAY 41 16 25- 50 10.8
b-----& CORPUS CHRISTI BAY 76 30 16- 25 108
¥— ——% MOBILE BAY 60 24 15- 25 15
1300 -
®—--—8 JAMES RIVER 46 18 20- 25 8.2
1200 -~
1100 1= MIDDEPTH
1000 |
& o0 |-
o
a
g 800 I~
8 MIDDEPTH
[a]
2 700
z
w
&
@ 600
500
400
300
NEAR-BOTTOM
200
\ > NEAR-BOTTOM
100 ﬂ“ﬂ\\
' MIDDEPTH
0 /T ——--—7T--0 |

Figure 4-4.

0 1000 2000

3000 4000

5000

DISTANCE FROM DISCHARGE, FT

along the plune center

open-wat er

wat er dept hs,

4-10

6000 7000

Rel ati onshi p between suspended solids concentration
line and distance downcurrent
pi peline disposal

from several
operations neasured at the indicated



EM 1110-2-5025
25 Mar 83

mud. The solids concentration within the fluid nud increases above 200 ppt
at a slower rate with depth until it reaches normal sedinment densities
Deeper layers of fluid mud reach their final degree of consolidation nore
rapidly than thinner ones. Depending on the thickness of the fluid mud and
its sedi nentation/consolidation characteristics, conplete consolidation of
a fluid mud nound may require from one to several years. In those situa-
tions where material dredged by bucket or clamshell is of slurry consis-
tency, the above description is generally applicable. Mre conmonly, how
ever, nuddy sedinents dredged by a clanmshell remain in large clunps and
descend to the bottomin this form These may break apart sonmewhat on im
pact; but such material tends to accurmulate in irregular nounds under the
di scharge vessel, rather than nove outward from the discharge point. Wat-
ever the dredging nethod, sandy sedinents tend to nound directly beneath
the discharge pipe or vessel

d. Special Crcunstances. Know edge of the behavior of discharged
dredged material allows control of the dispersion of the material at the
di sposal site. \Wen mininmum dispersal is desired, the dredged material can
be discharged into old underwater borrow pits, sand or gravel excavation
sites, etc. Such deposits may be further isolated fromthe overlying water
colum by covering with a layer of uncontanminated sedinent. It is also
possi ble to place such a covering, or "cap," over dredged material dis-
charged onto a flat bottom

4-7.  Environnental |npacts in the Water Col um.

a. Contamnants. Although the vast majority of heavy netals, nutri-
ents, and petrol eum and chlorinated hydrocarbons are usually associ at ed
with the fine-grained and organi ¢ conponents of the sediment (see VES
TR DS-78-4), there is no biologically significant release of these chenica
consituents fromtypical dredged material to the water colum during or
after dredging or disposal operations. Levels of manganese, iron, anmoni um
nitrogen, orthophosphate, and reactive silica in the water colum my be
i ncreased sonewhat for a matter of mnutes over background conditions dur-
ing open-water disposal operations; however, there are no persistent well-
defined plunmes of dissolved metals or nutrients at levels significantly
greater than background concentrations.

b. Turbidity. There are now anple research results indicating that
the traditional fears of water-quality degradation resulting fromthe re-
suspensi on of dredged material during dredging and di sposal operations are
for the nost part unfounded. The possible inpact of depressed |evels of
di ssol ved oxygen has al so been of some concern, due to the very high oxygen
demand associated with fine-grained dredged material slurry. However, even
at open-water pipeline disposal operations where the dissol ved oxygen de-
crease should theoretically be greatest, near-surface dissolved oxygen
levels of 8 to 9 ppmw || be depressed during the operation by only 2 to
3 ppmat distances of 75 to 150 ft fromthe discharge point. The degree of
oxygen depletion generally increases with depth and increasing concentra-
tion of total suspended solids; near-bottom |evels may be less than 2 ppm
However, dissolved oxygen |evels usually increase with increasing distance
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from the discharge point, due to dilution and settling of the suspended
mat eri al

(1) It has been denonstrated that el evated suspended solids concentra-
tions are generally confined to the imediate vicinity of the dredge or dis-
charge point and dissipate rapidly at the conpletion of the operation. If
turbidity is used as a basis for evaluating the environmental inpact of a
dredgi ng or disposal operation, it is essential that the predicted turbidity
levels are evaluated in |light of background conditions. Average turbidity
levels, as well as the occasional relatively high levels that are often as-
sociated with naturally occurring stornms, high wave conditions, and floods,
shoul d be considered

(2) O her activities of man nay al so be responsi ble for generating as
much or nore turbidity than dredging and disposal operations. For exanple,
each year shrinp trawmers in Corpus Christi Bay, Texas, suspend 16 to 131
times the amount of sedinment that is dredged annually fromthe nain ship
channel . In addition, suspended solids levels of 0.1 to 0.5 ppt generated
behind the trawlers are conparable to those |levels measured in the tur-
bidity plumes around open-water pipeline disposal operations. Resuspension
of bottom sediment in the wake of |arge ships, tugboats, and tows can al so
be consi derabl e. In fact, where bottom clearance is 3 ft or less, there
may be scour to a depth of 3 ft if the sedinment is easily resuspended

4-8. Environnental |npacts on the Benthos

a. Physical. \Wereas the inpact associated with water-colum tur-
bidity around dredgi ng and di sposal operations is for the nobst part insig-
nificant, the dispersal of fluid nmud dredged material appears to have a
relatively significant short-terminpact on the benthic organisns within
open-wat er disposal areas. Qpen-water pipeline disposal of fine-grained
dredged material slurry may result in a substantial reduction in the aver-
age abundance of organisns and a decrease in the comunity diversity in the
area covered by fluid mud. Despite this imediate inmpact, recovery of the
comunity apparently begins soon after the disposal operation ceases.

(1) Disposal operations will blanket established bottom comrunities
at the site with dredged material which may or may not resenble bottom sedi -
ments at the disposal site. Recolonization of animals on the new substrate
and the vertical migration of benthic organisnms in newy deposited sedinents
can be inportant recovery nechanisns. The first organisns to recol onize
dredged material usually are not the same as those which had originally oc-
cupied the site; they consist of opportunistic species whose environnenta
requirenents are flexible enough to allow themto occupy the disturbed
areas. Trends toward reestablishment of the original community are often
noted within several nmobnths of disturbance, and conplete recovery approached
within a year or two. The general recolonization pattern is often dependent
upon the nature of the adjacent undisturbed community, which provides a
pool of replacenent organi sns capable of recolonizing the site by adult m -
gration or larval recruitment.
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(2) O ganisms have various capabilities for noving upward through
new y deposited sedinents, such as dredged material, to reoccupy positions
relative to the sedinent-water interface sinmlar to those maintained prior
to burial by the disposal activity. \Vertical nigration ability is greatest
in dredged naterial simlar to that in which the animals normally occur and
is miniml in sediments of dissimlar particle-size distribution. Bottom
dwel I'i ng organi sns havi ng norphol ogi cal and physi ol ogi cal adaptations for
crawm ing through sedinents are able to migrate vertically through severa
inches of overlying sediment. However, physiological status and environ-
mental variables are of great inportance to vertical migration ability.
Organisns of simlar life-style and norphol ogy react simlarly when covered
with an overburden. For exanple, nost surface-dwelling fornms are generally
killed if trapped under dredged material overburdens, while subsurface
dwel lers mgrate to varying degrees. Laboratory studies suggest vertica
mgration nmay very well occur at disposal sites, although field evidence is
not available. Literature review (WES TR DS-78-1) indicates the vertica
m gration phenomenon is highly variable anpbng species

(3) Dredging and di sposal operations have immediate |ocalized effects
on the bottomlife. The recovery of the affected sites occurs over periods
of weeks, nonths, or years, depending on the type of environnent and the
biology of the animals and plants affected. The nore naturally variable
the physical environment, especially in relation to shifting substrate due
to waves or currents, the less effect dredging and disposal wll have
Animal s and plants common to such areas of unstable sedinments are adapted
to physically stressful conditions and have life cycles which allowthemto
wi thstand the stresses inposed by dredging and disposal. Exotic sedinents
(those in or on which the species in question does not normally live) are
likely to have nore severe effects when organisns are buried than sedinents
simlar to those of the disposal site. Generally, physical inpacts are
m ni m zed when sand is placed on a sandy bottom and are maxi m zed when nud
is deposited over a sand bottom \When di sposed sedinents are dissimlar to
bottom sedinents at the sites, recolonization of the dredged material will
probably be slow and carried out by organi sms whose |ife habits are adapted
to the new sedinment. The new community may be different fromthat origi-
nally occurring at the site.

(4) Dredged naterial discharged at disposal sites which have a natu-
rally unstable or shifting substrate due to wave or current action is
rather quickly dispersed and does not cover the area to substantial depths.
This natural dispersion, which usually occurs nost rapidly and effectively
during the storny winter season, can be assisted by conducting the disposa
operation so as to maxim ze the spread of dredged naterial, producing the
t hi nnest possible overburden. The thinner the |ayer of overburden, the
easier it is for nobile organisnms to survive burial by vertical mgration
through dredged material. The desirability of mnimzing physical inpacts
by dispersion can be overridden by other considerations, however. For ex-
anpl e, dredged material shown by biological or chemcal testing to have a
potential for adverse environmental inpacts mght best be placed in an area
of retention, rather than dispersion. This would maximze habitat disrup-
tionin arestricted area, but would confine potentially nore inportant
chemcal inpacts to tha same snall area
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(5) Since larval recruitnment and mgration of adults are primary
mechani sms of recol oni zation, recovery from physical inpacts will generally
be nost rapid if disposal operations are conpleted shortly before the sea-
sonal increase in biological activity and larval abundance in the area.

The possibility of inpacts can also be reduced by locating disposal sites
in the least sensitive or critical habitats. This can sonetines be done on
a seasonal basis. Known fish migratory routes and spawning beds should be
avoi ded just before and during use, but night be acceptable for disposal
during other periods of the year. However, care nust be taken to ensure
that the area returns to an acceptable condition before the next intensive
use by the fish. Camor oyster beds, municipal or industrial water in-
takes, highly productive backwater areas, etc., should be avoided in select-
ing disposal sites.

(6) All the above factors should be evaluated in selecting a disposal
site, method, and season in order to nminimze the habitat disruption of dis-
posal operations. Al require evaluations on a case-by-case basis by per-
sons familiar with the ecological principles involved, as well as the char-
acteristics of the proposed disposal operations and the |ocal environnent.

b.  Contam nants.

(1) Dredging and disposal do not introduce new contam nants to the
aquatic environnent, but sinply redistribute the sediments which are the
natural depository of contamnants introduced from other sources. The po-
tential for accumulation of a metal in the tissues of an organi sm (bioaccu-
mul ation) nmay be affected by several factors such as duration of exposure,
salinity, water hardness, exposure concentration, tenperature, the chenical
formof the nmetal, and the particular organism under study. The relative
i mportance of these factors varies from metal to netal, but there is a
trend toward greater uptake at lower salinities. El evated concentrations
of heavy netals in tissues of benthic invertebrates are not always indica-
tive of high levels of netals in the anmbient medium or associated sedinents.
Al though a few instances of uptake of possible ecol ogical significance have
been shown, the diversity of results anong species, different metals, types
of exposure, and salinity regimes strongly argues that bulk analysis of
sediments for netal content cannot be used as a reliable index of netal
availability and potential ecological inpact of dredged material, but only
as an indicator of total metal context. Bioaccunulation of nost netals
from sediments is generally mnor. Levels often vary from one sanple pe-
riod to another and are quantitatively nmarginal, usually being less than
one order of magnitude greater than levels in the control organisns, even
after one nmonth of exposure. Animals in undisturbed environments nay
natural ly have high and fluctuating netal levels. Therefore, in order to
eval uate bioaccunul ation, conparisons should be made between control and
experimental organisnms at the sane point in tine.

(2) Organochl orine conpounds such as DDT, dieldrin, and polychlori-
nated biphenyls (PCB' s) are environnental contamnants of worldw de sig-
ni fi cance which are manmade and, therefore, do not exist naturally in the
earth's crust. Organochlorine conpounds are generally not soluble in sur-
face waters at concentrations higher than approximtely 20 ppb, and nost of
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the amount present in waterways is associated with either biological organ-
isms or suspended solids. Organochlorine conpounds are released from sedi-
ment until sone equilibrium concentration is achieved between the aqueous
and the solid phases and then readsorbed by other suspended solids or bio-

| ogi cal organisms in the water colum. The concentration of organochlorines
in the water colum is reduced to background levels within a matter of hours
as the organochlorine conmpounds not taken up by aquatic organisns eventually
settle with the particulate matter and become incorporated into the bottom
deposits in aquatic ecosystems. Mst of these conpounds are stable and may
accunulate to relatively high concentrations in the sedinents. The manu-
facture and/or disposal of nost of these conpounds is now severely limted;
however, sedinments that have already been contaninated with organochl orine
compounds will probably continue to have elevated |evels of these conpounds
for several decades. The |ow concentrations of chlorinated hydrocarbons in
sediment interstitial water indicate that during dredging operations, the
release of the interstitial water and contam nants to the surrounding en-
vironment would not create environnental problens. Bioaccunul ation of
chlorinated hydrocarbons from deposited sedinents does occur. However, the
sediments greatly reduce the bioavailability of these contaminants, and tis-
sue concentrations may range from less than one to several tines the sedi-
ment concentration. Unreasonable degradation of the aquatic environment
due to the routine maintenance dredging and disposal of sedinment contam -
nated with chlorinated hydrocarbons has never been denpnstrated.

(3) The term “oil and grease” is used collectively to describe all
components of sediments of natural and contaminant origin which are pri-
marily fat soluble. There is a broad variety of possible oil and grease
conmponents in sediment, the analytical quantification of which is dependent
on the type of solvent and nmethod used to extract these residues. Trace
contanminants, such as PCB's and chlorinated hydrocarbons, often occur in
the oil and grease’. Large amounts of contamnant oil and grease find their
way into the sedinments of the Nation's waterways either by spillage or as
chronic inputs in municipal and industrial effluents, particularly near
urban areas with major waste outfalls. The literature suggests long-term
retention of oil and grease residues in sedinents, with nminor biodegrada-
tion occurring. \Wiere oily residues of known toxicity became associated
with sedinents, these sedinents retained toxic properties over periods of
years, affecting local biota. Spilled oils are known to readily become ad-
sorbed to naturally occurring suspended particulates, and oil residues in
muni ci pal and industrial effluents are commonly found adsorbed to particles.
These particul ates are deposited in sediments and are subject to suspension
during disposal. Even so, there is only slight desorption, and the amount
of oil released during the elutriate test is less than 0.01 percent of the
sedi nent - associ ated hydrocarbons under worst-case conditions. Selected
estuarine and freshwater organisms exposed for periods up to 30 days to
dredged material that is contamnated with thousands of parts per mllion
of oil and grease experience nminor nortality. Uptake of hydrocarbons from
heavily contam nated sedinments appears minor when conpared with the hydro-
carbon content of the test sedinents.

(4) Amonia is one of the potentially toxic materials known to be re-
| eased from sedinments during disposal; it is routinely found in evaluations
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of sediments using the elutriate test and in the water near a di sposal area
where concentrations rapidly return to baseline levels. Simlar tenporary
increases in ammonia at marine, estuarine, and freshwater disposal sites
have been documented in several DVRP field studies, but concentrations and
durations are usually well below |evels causing concern

(5) The potential environmental inpact of contaninants associ ated
with sediments nust be evaluated in |light of chemical and biol ogical data
describing the availability of contaminants to organisms. Information mnust
then be gained as to the effects of specific substances on organi sm surviva
and function. Many contaninants are not readily rel eased from sedi nent at-
tachment and are thus less toxic than contaminants in the free or soluble
state on which mpst toxicity data are based

(6) There are now cogent reasons for rejecting many of the conceptual -
i zed inpacts of disposed dredged material based on classical bulk analysis
det erm nati ons. It is invalid to use total sediment concentration to esti-
mat e contaminant levels in organisms since only a variable and undetern ned
amount of sediment-associated contam nant is biologically available. Al -
t hough a few instances of toxicity and bi oaccunul ati on of possible ecol ogi -
cal consequence have been seen, the fact that the degree of effect depends
on species, contam nants, salinity, sedinent type, etc., argues strongly
that bul k anal ysis does not provide a reliable index of contam nant avail -
ability and potential ecological inmpact of dredged nateri al

4-9.  Overview of Open-Water Disposal

a. Prediction of physical effects of dredging and disposal is fairly
straightforward. Physical effects include renoval of organisns at dredging
sites and burial of organisms at disposal sites. Physical effects are re-
stricted to the immediate areas of dredging or disposal. Recolonization of
sites occurs in periods of nmonths to 1-2 years in case studies. Disturbed
sites may be recol oni zed by opportunistic species which are not normally
the domi nant species occurring at the site

b. Many organisms are very resistant to the effects of sediment sus-
pensions in the water; aside from natural systens requiring clear water,
such as coral reefs and some aquatic plant beds, dredging or disposal -

i nduced turbidity is not of major ecological concern. The formation of
fluid muds due to disposal is not fully understood and is of probable en-
vironmental concern in sonme situations.

c. Release of sedinent-associated heavy netals and chlorinated hydro-
carbons to the water colum by dredgi ng and di sposal has been found to be
the exception, rather than the rule. Metals are rarely bioaccunulated from
sediments and then only to low levels. Chlorinated hydrocarbons may be bio-
accunul ated from sedinments, but only very highly contam nated sedinents
m ght result in tissue concentrations of potential concern. There is little
or no correlation between bulk anal ysis of sediments for contam nants and
their environnental inpact.
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d Gl and grease residues, |like heavy netals, are tightly bound to
sediment particles, and there appears to be minimal uptake of the residues
into organism tissues. O the thousands of chenmicals constituting the oil
and grease fraction, very few can be considered significant threats to
aquatic life when associated with dredged material.

e. Many l|aboratory studies describe worst-case experinental condi-
tions where relatively short-term exposures to high concentrations of sedi-
ments and contam nants are investigated. Although limted in scope, experi-
nmental results showing the |ack of effects under these worst-case conditions
support the conclusion that the indirect long-termand sublethal effects of
dredging and disposal will be nminimal. An integrated, whole-sedinment bio-
assay using sensitive test organisns should be used to determ ne potenti al
sedinent inpacts at a particular site. Appropriate chenical testing and
bi ol ogi cal evaluation of the dredged material can be used to resolve any
site-specific problens which nay occur.

Section IV. Confined Dredged Material Disposal

4-10. Contai nnent Area Design.

a. Concepts of Containment Area Qperation.

(1) Diked containnent areas are used to retain dredged nateri al
solids while allowing the carrier water to be released fromthe contai nnent
area. The two objectives of a containment area are: (a) to provide ade-
quate storage capacity to neet dredging requirements and (b) to attain the
hi ghest possible efficiency in retaining solids during the dredging opera-
tion in order to neet effluent suspended solids requirenents. These con-
siderations are interrelated and depend upon effective design, operation,
and managenent of the containment area. Major considerations in design of
contai nment areas are discussed below. Detailed design guidance may be
found in WES TR DS-78-10.

(2) The nmmjor conponents of a dredged material containment area are
shown schematically in figure 4-5. Atract of land is surrounded by dikes
to forma confined surface area into which dredged channel sedinents are
punped hydraulically. In some dredging operations, especially in the case
of new work dredging, sand, clay balls, and/or gravel may be present. Th
coarse material rapidly falls out of suspension and forns a nound near the
dredge inlet pipe. The fine-grained material (silt and clay) continues to
flow through the contai nment area where nost of the solids settle out of
suspension and thereby occupy a given storage volune. The fine-grained
dredged material is usually rather honbgeneous and is easily characterized
The clarified water is discharged from the containment area over a weir.
This effluent can be characterized by its suspended solids concentration
and rate of outflow Effluent flow rate is approximtely equal to influent
flow rate for continuously operating disposal areas. To pronote effective
sedi mentation, ponded water is maintained in the area; the depth of water
is controlled by the elevation of the weir crest. The thickness of the
dredged material |ayer increases with time until the dredging operation is
conpl et ed. M ni num freeboard requirenents and noundi ng of coarse-grained
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Figure 4-5. Schematic diagram of a dredged material containment area

material result in a ponded surface area smaller than the total surface area
enclosed by the dikes. In nost cases, confined disposal areas nust be uti-
lized over a period of many years, storing material dredged periodically
over the design life. Long-termstorage capacity for these sites is influ-
enced by consolidation of dredged material and foundation soils, dewatering
of material, and effective nanagement of the disposal area.

b. Evaluation of Dredging Activities. Effective planning and design
of containnment areas first requires a thorough evaluation of the dredging
program  The location, volumes, frequencies, and types of material to be
dredged must be estimated. The nunber, types, and sizes of dredges normally
enpl oyed to do the work should also be considered. This information is im
portant for defining project objectives and provides a basis for containment
area design.
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c. Field Investigations.

(1) Sanples of the channel sedinents to be dredged are required for
adequate characterization of the material and for use in sedinmentation and
consolidation testing. The level of effort required for channel sedinent
sanpling depends upon the project. In the case of routine naintenance work,
data from prior sanplings and experience with simlar material nmay be avail-
able to reduce the scope of field investigations. Since mintenance sedi-
ments are in an essentially unconsolidated state, grab sanples are nornally
satisfactory for sediment characterization purposes and are easy and inex-
pensive to obtain. For unusual maintenance projects or new work, nmore ex-
tensive field investigations will be required.

(2) Field investigations nmust also be performed at the contai nment
area site to define foundation conditions and to obtain sanmples for |abora-
tory testing if estimates of long-term storage capacity are required. The
extent of required field investigations is dependent upon project size and
upon foundation conditions at the site. It is particularly inportant to
define foundationconditions, including depth, thickness, extent, and conpo-
sition of foundation strata, and to obtain undisturbed sanples of conpres-
sible foundation soils and any previously placed dredged material. |If pos-
sible, the field investigations required for estimating |ong-term storage
capacity shoul d be planned and acconplished along with those required for
the engineering design of the retaining dikes.

d. Laboratory Testing.

(1) Laboratory tests are required primarily to provide data for sedi-
ment characterization, containment area design, retention dike design, and
long-term storage capacity estimates. The laboratory tests and procedures
required are essentially standard tests and generally follow accepted pro-
cedures. The required magnitude of the l|aboratory testing program depends
upon the project. Fewer tests are usually required when dealing with a
relatively honbgeneous material and/or when data are available from pre-
vious tests and experience, as is frequently the case in maintenance work.
For unusual maintenance projects where considerable variation in sedinent
properties is apparent from sanples, or for new work projects, nore ex-
tensive laboratory testing programs are required. Refer to WES TR DS-78-10
for details on testing procedures.

(2) Sedimentation tests, performed in 8-in.-diameter ported colums
as shown in figure 4-6, are necessary to provide design data for retention
of suspended solids (item 4). These tests are designed to define the floc-
culent or zone-settling behavior of a particular sedinent and to provide
i nformation concerning the volumes occupied by newy placed | ayers of
dredged naterial. Sedinentation of freshwater sedinments at slurry concen-
trations of less than 100 ppt can generally be characterized by floccul ent
settling properties. As slurry concentrations are increased, the sedinenta-
tion process may be characterized by zone-settling properties. Salinity
greater than 3 ppt enhances the flocculation of dredged material particles;
therefore, the settling properties of saltwater dredged material can usually
be characterized by zone-settling tests. The flocculent settling test
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Figure 4-6. Schematic of apparatus for settling tests.

consi sts of nmeasuring the concentration of suspended solids at various
depths and time intervals by wthdrawing sanples from the settling colum
ports. The zone-settling test consists of placing a slurry in a settling
colum and timng the fall of the liquid-solids interface.

(3) Determination of containnent area |ong-term storage capacity re-
quires estimates of settlement due to self-weight consolidation of newy
pl aced dredged material and due to consolidation of conpressible foundation
soil s. Consolidation test results, including time-consolidation data, nmust
therefore be obtained. Consolidation tests for foundation soils should be
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performed as described in EM 1110-2-1906 with no nodifications. The con-
solidation testing procedure for sedinment sanples generally follows that
for the fixed ring test for conventional soils, but mnor nodifications in
sanple preparation and loading are required (VWES TR DS-78-10).

e. Design for Retention of Suspended Solids.

(1) Sedimentation, as applied to dredged material disposal activities,
refers to those operations in which the dredged material slurry is sepa-
rated into nore clarified water and a nore concentrated slurry. Laboratory
sedimentation tests nust provide data for designing the containnent area to
neet effluent suspended solids criteria and to provide adequate storage
capacity for the dredged solids. These tests are based on the gravity
separation of solid particles from the transporting water.

(2) The sedimentation process can be categorized according to three
basic classifications:

(a) Discrete settling. The particle nmaintains its individuality and
does not change in size, shape, or density during the settling process

(b) Flocculent settling. Particles agglonmerate during the settling
period with a change in physical properties and settling rate.

(c) Zone settling. The floccul ent suspension forns a lattice struc-
ture and settles as a mass, exhibiting a distinct interface during the set-
tling process.

(3) The inmportant factors governing the sedi mentation of dredged mate-
rial solids are the initial concentration of the slurry and the floccul at-
ing properties of the solid particles. Mntgomery (item 4) denonstrated by
experinments that, because of the high influent solids concentration and the
tendency of dredged material fine-grained particles to flocculate, either
flocculate or zone-settling behavior governs sedinentation in containment
areas. Discrete settling describes the sedinmentation of sand particles and
fine-grained sediments at concentrations much | ower than those found in
dredged material containment areas. Test results using the 8-in.-dianeter
settling colum are used to design the containnent area for solids reten-
tion based on principles of flocculent or zone settling. Detailed design
procedures found in WES TR DS-78-10 will determi ne surface area, contain-
ment area vol une, ponding depth, and freeboard requirenments. The designs
must consider the hydraulic efficiency of the containnent, based on shape
and topography, and the proper sizing of outlet structures

f. Evaluation of Long-Term Storage Capacity.

(1) If the containment area is intended for one-tine use, as is the
case in sonme new work projects, estimates of |ong-term storage capacity are
not required. However, containment areas intended for use in recurring
mai nt enance work nust be sized for |long-term storage capacity over the ser-
vice life of the facility. Storage capacity is defined as the total volune
avail able to hold additional dredged material and is equal to the tota
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unoccupi ed volune minus the volume associated with ponding and freeboard
requirenents

(2) The following factors nust be considered in estimating |ong-term
contai nment area storage capacity:

(a) After dredged material is placed within a containment area, it
under goes sedinmentation and self-weight consolidation resulting in gains in
storage capacity.

(b) The placenent of dredged material inposes a |loading on the contain-
ment area foundation, and additional settlement nay result due to consolida-
tion of conpressible foundation soils.

(c) Since the consolidation process is slow, especially in the case
of fine-grained materials, it is likely that total settlement will not have
taken place before space in the containnent area is required for additiona
pl acenent of dredged material. For this reason, the tinme-consolidation re-
lationship is an inportant consideration.

(d) Settlenent of the containing dikes significantly affects the
avail able storage capacity.

(3) Estimation of gains in long-termcapacity can be nade using re-
sults of |aboratory consolidation tests and application of fundanmental prin-
ci pl es of consolidation modified to consider the self-weight consolidation
behavior of newy placed dredged material. Detailed procedures for esti-
mating |long-term storage capacity are found in WES TR DS-78-10.

g. Weir Design. The purpose of the weir structure is to regulate re-
| ease of ponded water from the containment area. Proper weir design and
operation can control resuspension and withdrawal of settled solids. This
is possible only if the containnent areas have been properly designed to
provide sufficient area and volume for sedinentation. Wirs are designed
to provide selective withdrawal of the clarified upper |ayer of ponded

wat er . In order to nmintain acceptable effluent quality, the upper water
| ayers containing low | evel s of suspended solids should be ponded at depths
greater than the depth of the withdrawal zone; i.e., the area through which

fluid is removed for discharge over the weir. The size of the withdrawal
zone as deternmined by the weir |oaction and configuration affects the
velocity of flow toward the weir. Detailed considerations in weir design
and desi gn nonographs for determning required weir crest lengths are

found in WES TR DS-78-10. Weirs should be structurally designed to wth-
stand anticipated | oadings at maxi mum pondi ng el evati ons, with considera-
tion given to uplift forces and potential piping beneath or around the wier.
Qutlet pipes for the weir structure must be designed to carry flows in ex-
cess of the flowrate for the largest dredge size expected to provide for
emergency release of ponded waters.

h.  Chemical Carification for Reduction of Effluent Suspended Solids.
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(1) Wien dredged material slurry is disposed in a well-designed, well-
managed containnent area, the vast mpjority of the solids will settle out
of suspension and be retained within the settling basin. However, gravity
sedi nentation alone will not renove all suspended solids. Any fine-grained
mat eri al suspended in the ponded water above the settled solids will be
di scharged in the effluent water. In addition, the levels of chemical con-
stituents in the effluent water are directly related to the amount of sus-
pended fine-grained material; therefore, retention of fine-grained solids
in the containment area results in a maxi mum degree of retention of poten-
tially toxic chemical constituents. Effluent standards may require renova
of suspended solids over and above that attained by gravity sedinentation.

(2) In the absence of a fully engineered treatment system severa
expedi ent neasures can be enployed to enhance retention of the suspended
solids within a containment area of a given size before effluent discharge
They include: intermttent punping, increasing the depth of ponded water,
increasing the effective length of the weir, tenporarily discontinuing op-
erations, or decreasing the size of the dredge

(3) Flocculation. One method specifically for reducing the |evels of
fine-grained (clay-sized) suspended solids levels in the effluent involves
treating the containnment area effluent or the dredged material slurry with
chem cal flocculants to encourage the formation of flocs (i.e., particle
aggl onerates) that settle nore rapidly than individual particles. This ag-
gl omeration or coagul ati on process is acconplished by an alteration of the
el ectrochenical properties of the clay particles and the bridging of par-
ticles and small flocs by long polymer chains. Because of the large nunber
of manufacturers of polyelectrolytes and the types available, prelimnary
screening of flocculants is necessary. Evaluation and determination of the
opti mum dose of several nontoxic polyners may be acconplished using jar-
testing procedures. These procedures will indicate the nost cost-effective
pol ymer and the optimm dosage of the polymer solution for treating the sus-
pended solids levels, as well as the optimumnixing intensities and dura-
tions for both rapid- and slowmxing stages. Optinum detention tinmes and
surface overflow rates for clarifying the flocced suspensions and a genera
i ndi cation of the volume of flocced material that nmust be stored or re-
handl ed can be determined from settling tests. Schroeder (item 8) presents
desi gn guidance for the use of chemcal clarification nethods.

i. Dike Design. Dikes for retaining or confining dredged materia
are nornmally earthen enbankments sinilar to flood protection |levees. Dike
| ocations are usually determined by | and avail abl e-for di sposal areas;
therefore, dikes sonetimes must be constructed in areas of poor foundation
quality and frommaterials of poor construction quality. [In past years, re-
taining dikes for dredged material have been designed and constructed with
less effort and expense than other engineered structures. The potential for
di ke failures and the environmental and econom c damage which can result
dictate that retaining dikes be properly designed and constructed using the
principles of geotechnical engineering. Foundation investigations and | abo-
ratory soils tests and anal yses nmust be conducted to design dikes to the de-
sired degree of safety against failures. Procedures used in dike design
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generally parallel those required for design of flood protection |evees or
earth-filled dams. WBS TR D-77-9 contains detailed guidelines for the de-
sign and construction of retaining dikes.

4-11. Containment Area QOperation and Managenent

a. Containnent Area QOperation. A nmmjor consideration in proper con-
tainment area operation is providing the ponding necessary for sedinenta-
tion and retention of suspended solids. Adequate ponding depth during the
dredging operation is naintained by controlling the weir crest elevation,
usual Iy by placing boards within the weir structure. Before dredging com
mences, the weir should be boarded to the highest possible elevation that
dike stability considerations will allow This practice will ensure naxi-
mum possi bl e efficiency of the containment area. The maxi num el evation
must allow for adequate ponding depth above the highest expected |evel of
accunul ated settled solids and yet remain below the required freeboard. If
the basin is undersized or if inefficient settling is occurring in the
basin, it is necessary to increase detention time and reduce approach veloc-
ity to achieve efficient settling and to avoid resuspension, respectively.
Detention time can be increased by raising the weir crest to its highest
el evation to increase the ponding depth; or it may be increased by operat-
ing the dredge internmittently to maintain a maxinum allowable static head
or depth of flow over the weir, based on the effluent quality achieved at
various weir crest elevations. Once the dredging operation is conpleted,

t he ponded water nust be renoved to pronote drying and consolidation of
dredged material. Refer to WES TR DS-78-10.

h.  Contai nment Area Managenent.

(1) Periodic site inspections. The inmportance of periodic site in-
spections and continuous site managenment followi ng the dredgi ng operation
cannot be overenphasized. Once the dredgi ng operation has been conpl et ed
and the ponded water has been decanted, site management efforts should be
concentrated on maxin zing the contai nment storage capacity gained from
continued drying and consolidation of dredged material and foundation soils.
To ensure that precipitation does not pond water, the weir crest elevation
must be kept at levels allowing efficient release of runoff water. This
will require periodic |owering of the weir crest elevation as the dredged
material surface settles.

(2) Thin-1ift placement. Gains in long-term storage capacity of con-
tai nment areas through natural drying processes can al so be increased by
placing the dredged material in thin lifts. Thin-lift placement greatly
increases potential capacity through active dewatering and disposal area
reuse managenent progranms. Thin-lift placenent can be achieved by obtain-
ing sufficient land area to ensure adequate storage capacity without the
need for thick lifts. It requires careful |ong-range planning to ensure
that the large land area is used effectively for dredged material dewater-
ing, rather than sinply being a containment area whose service life is
| onger than that of a smaller area. Dividing a large containnent area into
several conpartnents can facilitate nmanagenent; each conpartment can be
managed separately so that sone conpartnents are being filled while the
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dredged material in others is being dewatered. One possible nanagenent
schene for large conpartmentalized containments is shown conceptually in
figure 4-7. For this operation, thin lifts of dredged material are placed
into each conpartnent in the follow ng sequence: filling, settling and sur-
face drainage, dewatering, and dike raising (using dewatered dredged
material)

¢c. Dewatering and Densification.

(1) The renoval of excess water from dredged material through active
site management may add considerably to containment area storage vol une,
especially in the case of fine-grained dredged material. The npbst success-
ful dewatering techniques involve efforts to accelerate natural drying and
desiccation of dredged material through increased surface drainage. De-
watering efforts may be inplemented in conjunction with other periodic in-
spection and managerment activities of the containment

Ir Ix JL'A I DISPOSAL
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m 4 INITIATED
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Figure 4-7. Conceptual illustration of sequential dewatering operations
possible if disposal site is large enough to contain nmaterial from
several periodic dredging operations
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(2) Dredged material is usually placed in confined disposal areas in
a slurry state. Al though a significant anount of water runs off through
the overflow weirs of the disposal area, the confined fine-grained dredged
mat eri al usual |y sediments/consolidates to only a senifluid consistency
that still contains large anounts of water. Not only does the high water
content greatly reduce available future disposal volume, but it also makes
the dredged material unsuitable or undesirable for any commercial or pro-
ductive use.

(3) Three major reasons exist for dewatering fine-grained dredged na-
terial placed in confined disposal areas:

(a) Promotion of shrinkage and consolidation to increase volume in
the existing disposal site for additional dredged naterial

(b) Reclamation of the dredged material into nore stable soil form
for removal and use in dike raising or other engineered construction, or
for other productive uses, again increasing volume in the existing disposa
site.

(c) Creation of stable, fast land at the disposal site itself, at a
known final elevation and with predictable geotechnical properties.

(4) Allowing evaporative forces to dry fine-grained material into a
crust while gradually lowering the internal water table is the |east ex-
pensive and nost wi dely applicable dewatering method. Good surface drain-
age, rapidly renmoving precipitation and preventing ponding of surface
water, accelerates evaporative drying. Shrinkage forces devel oped during
drying return the material to nore stable form lowering the internal water
table results in further consolidation.

(5) Trenching. The nost efficient method for pronoting good surface
drainage is to construct drainage trenches in the disposal area. Because
several types of equi pment have been found effective for progressive trench-
ing to inprove disposal area surface drainage, no unique set of trenching
equi pnent and procedures exists. The proper equipnent for any dewatering
program wi |l depend upon the following factors: size of the disposal area
whet her or not desiccation crust currently exists (and, if so, of what
thickness), time available for dewatering operations, type of site access,
condition of existing perineter dikes, tine available between disposa
cycles, and availability of and rental and operating cost for various types
of trenching equipnent.

(6) Underdrai nage. Underdrainage is another dewatering nethod which
may be used either individually or in conjunction with inproved surface

drainage. In this procedure, collector pipes are placed in either a natu-
rally occurring or artificially placed pervious |ayer before dredged nate-
rial disposal. Upon disposal, free water in the dredged material migrates

into the pervious underdrai nage |ayer and is renoved via the collector pipe
system  Although technically feasible, underdrainage may not be cost-
effective in many disposal situations. Detailed discussions of dredged
material dewatering are found in WES TR DS-78-11
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d. Disposal Area Reuse. Renpval of coarse-grained naterial and de-
wat ered fine-grained material from containment areas through proper nmanage-
nment techniques will further add to capacity and may be inplenented in con-
junction with dike maintenance or raising. Renoval of fine-grained dredged
material is a logical followp to successful dewatering managenent activi-
ties and can allow partial or total reuse of the disposal area. A reusable
di sposal area can be regarded as a dredged material transfer station, where
dredged material is collected, processed if necessary, and rempved for pro-
ductive use or inland disposal. The advantages provided by a reusable dis-
posal area (one fromwhich all or a large portion of dredged material is
removed) and not by a conventional area are

(1) Elimnation or reduction of |and acquisition requirenents, except
for inland disposal

(2) Justification for increased costs for high-quality disposal area
design and construction.

(3) Long-termavailability of disposal areas near dredging sites.

(4) Availability of dredged naterial for use as landfill or construc-
tion nateri al

Det ai | ed gui dance on disposal area reuse is found in WES TR DS-78-12.

4-12. Productive Uses.

a. Wen planning a reusabl e disposal area, mmjor consideration should
be given as to how the dredged material solids will be used. [If off-site
productive uses could be found for all the solids being dredged, the site
would theoretically have an infinite service life. The fact that dewatered
dredged material is a soil, may be analyzed as a soil, and can be used as a
soi | encourages the productive use of dredged material as a natural re-
source. The follow ng should be evaluated as potential off-site productive
uses for dredged naterial

(1) Landfill and construction materi al

(2) Surface mine reclanation.

(3) Sanitary landfill cover material

(4) Agricultural land enhancenent.
Conpatibility of dredged material with the use in question and feasibility
of transport must be considered in evaluating off-site productive use
Detail ed guidance is found in WES TR DS-78-21.

b. Containnment areas that have been filled also have potential pro-
ductive use as industrial, recreational, or waterway-related sites. Filled
contai nment areas have been comonly used for commercial/industrial sites,

and nost ports have such facilities built on fornmer dredged materia
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di sposal sites. Recreational use of containnment areas is popul ar because
it requires mninum planning and | ower cost as conpared to industrial/

conmerci al uses. In addition, the nature of recreation sites with nuch
open space and light construction is especially suited to the weak founda-
tion conditions associated with fine-grained dredged material. Dredged

material sites may be used for purposes closely related to the naintenance
preservation, and expanded use of waterways and the surroundi ng | ands, such
as shore protection, beach nourishment, breakwaters, river control, etc.
Such uses of dredged material sites are influenced by the nmethod and se-
quence of the dredging operation as well as the layout of the disposal area
VWaterway-rel ated use normally involves the creation of landforns and thus
permts opportunities for imaginative multiple-use site developnent. These
| andf orns commonly result in a secondary recreational use

4-13. Envi ronnmental Consi der ati ons.

a. Upland disposal of contam nated sedinments nmust be planned to con-
tain potentially toxic materials to control or minimze potential environ-
mental inpacts. There are four possible nechanisns for transport of con-
tam nants from upland disposal sites:

(1) Release of contamnants in the effluent during disposa
oper ati ons.

(2) Leaching into groundwater.

(3) Surface runoff of contamnants in either dissolved or suspended
particulate form follow ng disposal.

(4) Plant uptake directly from sedinments, followed by indirect anina
uptake from feeding on vegetation.

h. The physiochenical conditions of the dredged material at an upland
disposal site may be altered substantially by the drainage of excess water.
Mar ked changes in the chemical nobility and biological availability of sone
contamnants may result. In nany cases, contam nant |evels exceed ap-
plicable surface water quality criteria if mxing and dilution with [arge
vol umes of receiving water is limted. A nost all of the contam nants in
initial dewatering effluents (with the possible exception of ammonia and
nmanganese) are associated with suspended particul ates; increasing suspended
solids removal will be effective in reducing these |evels.

c. Disposal sites should not be sel ected where subsurface drainage
could result in contamnant |evels exceeding applicable criteria for drink-
ing water supplies or adjacent surface waters. Minagenent practices to re-
duce leaching |osses may be beneficial in sonme cases. Coarse-textured ma-
terials will tend to drain freely with little inpediment, with time. Some
fine-textured dredged material tends to formits own liner as particles
settle with percolation drainage water, but it nmay require considerable
time for self-sealing to develop; thus, an artificial liner may be useful
for sone upland sites. Because of the gradual self-sealing nature of many
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fine-textured dredged materials, temporary liners subject to gradual de-
terioration with tine may be adequate in many cases.

d. Plant populations nay be nmnaged to mnimze uptake and environ-
mental cycling of netals from contaninated sediments applied upland. Such
a technique may be nore effective where plant popul ations are intensively
managed, as in an agricultural operation, since different species and even
subspecies differ greatly in their ability to take up and translocate toxic
materials. It may be possible to grow crops in which nmetals tend to ac-
cunulate in the plant tissue which is not harvested. \Were contan nated
dredged naterial is used to amend agricultural soil or inprove other unpro-
ductive soils, limng can be an economical and effective method for reduc-
ing the bioavailability of many toxic netals.

e. Covering contam nated dredged material with clean soil or clean
dredged sediments is a potential managerment practice that applies to all
three of the mgjor disposal alternatives. Were contamnated dredged nate-
rial is to be used for habitat devel opnent, agricultural soils amendnent,
land reclamation, or as fill for engineering purposes, covering wth clean
material can be an effective method for isolating contam nants from bio-
| ogi cal populations growing in or living on the disposal site. The depth
of clean material should be sufficient to isolate contaminants from plant
roots and burrowing animals. Care should also be exercised to ensure that
| eaching from contaninated sedi ments into adjacent groundwater does not
take place.

Section V. Habitat Devel opnent as a Disposal Alternative

4-14. General Considerations for Habitat Devel oprent.

a. Habitat devel opnent refers to the establishment of relatively
permanent and bi ol ogically productive plant and animal habitats. The use
of dredged naterial as a substrate for habitat devel opnent offers a disposal
technique that is, in many situations, a feasible alternative to nore con-
ventional open-water, wetland, or upland disposal options. Refer to Smith
(item 8) for nore detailed information.

b. Four general habitats are suitable for establishnment on dredged
material : nmarsh, upland, island, and aquatic. Wthin any habitat, several
di stinct biological comunities may occur (fig. 4-8). The deternination of
the feasibility of habitat devel opment will center on the nature of the sur-
roundi ng biological comunities, the nature of the dredged material, and
the site selection, engineering design, cost of alternatives, environmental
i npacts, and public approval. If habitat developnment is the selected al-
ternative, a decision regarding the type or types of habitats to be de-
vel oped must be made. This decision will be largely judgmental, but in
general, site peculiarities will not present nore than one or two |ogical
options.

c. The selection of habitat devel opnent as a disposal alternative wll
be conpetitive with other disposal options when the followi ng conditions
exi st:
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Figure 4-8. Hypothetical site illustrating the diversity of habitat
types that nmay be developed at a disposal site

(1) Public/agency opinion strongly opposes other alternatives.

(2) Recogni zed habitat needs exist.

(3) Enhancenment neasures on existing disposal sites are identified.
(4) Feasibility has been denonstrated |ocally.

(5) Stability of dredged material deposits is desired.

(6) Habitat devel opnment is economically feasible.

d. Disposal alternatives are often severely limted and constrained
by public opinion and/or agency regulations. Constraints on open-water
di sposal and disposal on wetlands, or the unavailability of upland disposa
sites, may |eave habitat devel opnent as the npst attractive alternative

e. Habitat devel opnment may have strong public appeal when the need
for restoration or nitigation or the need for additional habitat has been
denonstrated. This is particularly true in areas where sinilar habitat of
consi derabl e value or public concern has been lost through natural pro-
cesses or construction activities

f. Habitat devel opnent nmay be used as an enhancement neasure to im
prove the acceptance of a disposal technique. For exanple, seagrass may be
planted on subnmerged dredged material, or wildlife food plants established
on upland confined disposal sites. This alternative has considerable
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potential as a |lowcost mtigation procedure and may be used to offset en-
vironnmental inpacts incurred in disposal

g. The concept of habitat devel opnent is nore apt to be viewed as fea-
sible if it has been successfully denpnstrated locally. Even the existence
of a pilot-scale project in a given locale will offset the uncertainties
often present in the public perception of an experinental or unproven
t echni que.

h. The vegetation cover provided by nost habitat alternatives wll
often stabilize dredged material and prevent its return to the waterway.
In many instances this aspect will reduce the anount of future naintenance
dredgi ng necessary at a given site and result in a positive environnmenta
and econonic inpact.

i. The economic feasibility of habitat devel opment should be con-
sidered in the context of long-term benefits. Biologically productive
habitats have varied but unquestionable value (e.g., sport and commercia
fisheries) and are relatively permanent features. Consequently, habitat
devel opnent may be considered a disposal option with |ong-term economnc
benefits that can be applied against any additional costs incurred inits
i mpl erent ati on. Most ot her disposal options lack this benefit.

j. Habitat devel opment may be nbst economically conpetitive in situa-
tions where it is possible to take advantage of natural conditions or where
m nor nodifications to existing nethods would produce desirable biologica
communities. For exanple, the existence of a | owenergy, shallow water
site adjacent to an area to be dredged nay provide an ideal marsh devel op-
nment site and require alnbst no expenditure beyond that associated with
open-wat er di sposal

4-15. Marsh Habitat Devel opnent.

a. Marshes are considered to be any community of grasses and/or herbs
whi ch experiences periodic or permanent inundation. Typically, these are
intertidal fresh, brackish, or salt marshes or relatively permanently inun-
dated freshwater marshes. Marshes are often recogni zed as extrenely val u-
abl e natural systens and are accorded inportance in food and detrital pro-
duction, fish and wildlife cover, nutrient cycling, erosion control, flood-
water retention, groundwater recharge, and aesthetic value. Mrsh val ues
are highly site specific and nust be interpreted in terns of such variables
as plant species conposition, wildlife use, location, and size, which in
turn influence their inpact upon a given ecosystem

h. Marsh creation has been the nost studied of the habitat devel opnent
alternatives, and accurate techniques have been devel oped to estimate costs
and to design, construct, and maintain these systens. Over 100 marshes have
been established on dredged material; exanples are shown in figures 4-9 and
4-10. Refer to WES TR DS-78-16 for specific information on wetland habitat
devel opnment.  The advantages nost frequently identified with marsh devel op-
ment are: considerable public appeal, creation of desirable biologica
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a. An aerial view of the 420-sqg-ft freshwater marsh devel oped on
fine-textured dredged material confined by a sand dike.

h. Wthin 6 nonths of dredged naterial placenent, a lush growth of
wet | and plants had been established by natural colonization.

Figure 4-9. Wndm |l Point marsh devel opnent site, James River, Virginia.
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a. A salt nmarsh was established on poorly consolidated fine-textured
dredged naterial confined behind an earthen dike on this dredged
material island.

b. Vigorous growth was obtained from sprigged snooth cordgrass and
sal t-meadow cordgrass.

Figure 4-10. Apalachicola Bay marsh devel opnent site.
Apal achi col a Bay, Florida .
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comuni ties, considerable potential for enhancement or mtigation, and the
fact that it is frequently a |ow cost option.

c. Marsh devel opnent is a disposal alternative that can generate
strong public appeal and has the potential for gaining wde acceptance when
other techniques cannot. The habitat created has biological values that are
readily identified and are accepted by many in the academ c, governnental,
and private sectors. However, application requires an understanding of
| ocal needs and perceptions and of the effective limts of the value of
t hese ecosystens.

d.  The potential of this alternative to replace or inprove narsh habi-
tats lost through dredged material disposal or other activities is fre-
quently overlooked. Techniques are sufficiently advanced to design and con-
struct productive systens with a high degree of confidence. Additionally,
these habitats can often be developed with very little increase in cost
above normal project operation, a fact attested to by hundreds of marshes
that have been inadvertently established on dredged material.

e. The following problens are nost likely to be encountered in the
impl enentation of this alternative: unavailability of appropriate sites,
| oss of other habitats, release of contaminants, and |loss of the site for
subsequent di sposal .

f. The nost difficult aspect of marsh devel opment is the |ocation of
suitable sites. Lowenergy, shallowwater sites are npst attractive;, how
ever, cost factors will become significant if long transport distances are
necessary to reach those sites. Protective structures may be required if
| ow-energy sites cannot be located, which can add considerably to project
cost.

g. Marsh devel opnent frequently nmeans the replacenent of one desir-
able habitat with another, and this will likely be the source of nbst oppo-
sition to this alternative. There are few reliable nethods of conparing
the various losses and gains associated with this habitat conversion; conse-
quently, relative inmpact may best be determined on the basis of the profes-
sional opinion of local authorities.

h. The potential for plants to take up contami nants and then rel ease
theminto the ecosystemthrough consunption by animals or deconposition of
plant material should be recogni zed when contani nated sedi nents are used
for habitat development. Although this process has not been shown to occur
often, techniques are available to determne the probability of uptake.

i. Developnent of a nmarsh at a given site can prevent the subsequent
use of that area as a disposal site. In many instances, any further devel-
opment on that site would be prevented by State and Federal regulations.
Exceptions nmay occur in areas of severe erosion or where the initial dis-
posal created a | ow marsh and subsequent di sposal would create a higher
mar sh.

j. There are types of wetland habitat devel opment other than narshes,
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such as bottom and hardwoods in freshwater areas. These are addressed in
WES TR DS- 78-16.

4-16. Upland Habitat Devel oprent.

a. Upland habitats enconpass a variety of terrestrial conmunities
ranging from bare soil to dense forest. In its broadest interpretation,
habi tat occurs on all but the nost disturbed upland disposal sites. For
exanple, a gravelly and bare freshwater disposal area nmay provide nest
sites for killdeer; weedy growth may provide cover for raccoons or a food
source for seed-eating birds; and water collection in desiccation cracks
may provide breeding habitat for nosquitoes. Man-made habitats wll de-
vel op regardl ess of their managenent; however, the application of sound
managenment techniques will greatly inprove the quality of those habitats
and the speed with which they are popul ated.

b. Upland habitat devel opment has potential at hundreds of disposal
sites throughout the United States. Its inplementation is largely a matter
of the application of well-established agricultural and wldlife managenent
techni ques. Exanpl es of successful sites are shown in figures 4-11 and
4-12. Refer to WES TR DS-78-17 for nore detailed information on upland
habitat devel opnent. Upland habitat devel opment as a disposal option has
several distinct advantages, including: adaptability, inproved public ac-
ceptance, creation of biologically desirable habitats, elimnation of prob-
| em areas, |ow cost enhancement or mitigation, and conpatibility with sub-
sequent disposal .

¢c. Upland habitat devel opnent may be used as an enhancenment or mti-
gation measure at new or existing disposal sites. Regardless of the condi-
tion or location of a disposal area, considerable potential exists to con-
vert it into a nore productive habitat. For exanple, small sites in
densely popul ated areas may be keyed to small animals adapted to urban life,
such as seed-eating birds and squirrels. Large tracts may be managed for a
variety of wildlife, including waterfow, game manmmals, and rare or en-
dangered speci es.

d. The know edge that a site will ultimately be devel oped into a use-
ful area, be it a residential area, park, or wldlife habitat, inproves
public acceptance. Many idle and undevel oped di sposal areas that are now
sources of local irritation or neglect would directly benefit from upland
habitat devel opnent, and such devel opment may well result in nmore ready ac-
ceptance of future disposal projects.

e. In general, upland habitat developnent will add little to the cost
of disposal operations. Standard procedures may involve linming, fertiliz-
ing, seeding, and mowing. A typical level of effort is simlar to that ap-
plied for erosion control at nost construction sites and considerably |ess
than that required for |evee nmaintenance.

f. Unless the target habitat is a long-term goal such as a forest,
upl and habitat devel opnent will generally be conpatible w th subsequent
di sposal operations. In npst situations, a desirable vegetative cover can
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Figure 4-11. Barley was planted on this sandy dredged material island
in the Colunbia River, Oegon, greatly inproving its value to wildlife,

Figure 4-12. Sandy and silty dredged material were conbined at Nott
Island, Connecticut, to produce a pasture for wild geese.
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be produced in one growi ng season. Subsequent disposal would sinply re-
quire recovery of the lost habitat. |Indeed, the mintenance of a par-
ticular vegetation stage may require periodic disposal to retard or set
back plant succession.

g. The primary disadvantage of this alternative is related to public
acceptance. The devel opnent of a biologically productive area at a given
site may di scourage subsequent disposal or nodification of |and use at that
site. This problemcan be avoided by the clear identification or establish-
nment of future plans before habitat devel opnent, or by the establishnent
and mai ntenance of biological communities recognized as being nost pro-
ductive in the earlier stages of succession. In the latter case, subse-
quent disposal may be a necessary nmanagement tool

h. Some habitat types will require management. For example, if high-
productivity annual plants are selected for establishnent (i.e., corn or
barley as prime wildlife foods), then yearly planting will be necessary.

If the intent is to naintain a grassland or open-field habitat, planting
may be required only initially, but it may be necessary to now the area
every 1 to 5 years to retard colonizing woody vegetation. In nmobst cases,
it will be possible to establish very | ow mai ntenance habitats, but if the
intent is to establish and perpetuate a given habitat type, |ong-term man-
agenment may be essential and expensive

4-17. Island Habitat Devel oprent.

a. Dredged material islands range in size froman acre to severa
hundred acres. Island habitats are terrestrial communities conpletely sur-
rounded by water or wetlands and are distinguished by their isolation and
their limted food and cover. Because they are isolated and relatively
predator-free they have particular value as nesting and roosting sites for
nunerous species of sea and wading birds; e.g., gulls, terns, egrets,
herons, and pelicans. The inportance of dredged naterial islands to nest-
ing species tends to decrease as the size increases because |arger islands
are nore likely to support resident predators. However, isolation is nore
inmportant than size; and thus large isolated islands may be very attractive
to nesting birds. Dredged nmaterial island habitats are pictured in fig-
ures 4-13 and 4-14. Refer to WES TR DS-78-18 for specific information re-
garding island habitat devel opnent.

b. Dredged material islands are found in low to mediumenergy sites
throughout the United States. Typically, these are sandy islands |ocated
next to navigation channels and are characteristic of the Intracoasta
At er way. In recent years, many active dredged material islands have been
diked to inprove the containment characteristics of the sites.

c. The inportance of dredged material islands as nesting habitats for
sea and wadi ng birds cannot be overenphasized. In sonme states (e.g. North

Carolina and Texas) nost nesting of these colonial species occurs on man-
made i sl ands.

d.  Island habitat devel opment has the follow ng advantages: it
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Ring-billed gull colony located on a dredged material island in the Detroit River,

Figure 4-13.

The site supported 5040 nests in 1976 and 5290 nests in 1977.
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Figure 4-14. M xed-speci es colony of royal and Sandw ch terns | ocated
on a dredged material island in Pamico Sound, North Carolina. The
col ony conprised 2988 royal tern nests and 897 Sandwich tern nests,

enpl oys traditional disposal techniques, it pernmits reuse of existing dis-
posal areas, it provides critical nesting habitats, and its managenment is
conduci ve to subsequent disposal

e. Island habitat devel opnment utilizes a traditional disposal tech-
nique : the confined or unconfined disposal of dredged material in marsh or
shal low water or on existing islands. Consequently, unconventional opera-
tional problenms seldomoccur in its inplenentation

f. In many coastal areas, the careful selection of island |ocales and
pl acenent will encourage use by colonial nesting birds. Properly applied
i sland habitat developrment is an inmportant wildlife managenent tool: it

can replace habitats lost to other resource priorities, provide new habitats
where nesting and roosting sites are limting factors, or rejuvenate exist-
i ng disposal islands.

g. Planned disposal on existing dredged material islands is often con-
ducive to their management for wildlife. Nesting is alnpbst always keyed to
a specific vegetation successional stage, and periodic disposal may be used
to retard succession or set it back to a nore desirable state. As a prac-
tical matter, disposal on existing islands has largely replaced new island
devel opnent because of opposition to the [oss of open-water and bottom
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habitats.  Consequently, habitat devel opment on dredged material islands
will frequently be keyed to the disposal on and managerment of existing
i sl ands.

h. Island habitat devel opment has the follow ng di sadvantages: it
may interrupt hydrologic processes, it may destroy open-water or marsh
habitats, and it requires careful placement of material and selection of
the disposal season to prevent disruption of active nesting.

i. Ateration of the water-energy regime by the placement of barriers
such as islands deserves particular attention because it can change the
temperature, salinity, circulation patterns, and sedinentation dynamcs of
the affected body of water. Large-scale projects or projects in particu-
larly sensitive areas may warrant the devel opnent of physical, chenical,
and biological nodels of the aquatic system before project inplenentation.

j. Dredged material islands, by the nature of their location, my re-
duce the presence of wetlands and/or open-water and their associated ben-
thic habitats. This inmpact will be mnimzed by careful site selection or
di sposal on existing sites. Containment behind dikes will lessen the lat-
eral spread of nmmterial but will probably adversely affect the value of
the island to birds.

k. Disposal on any dredged material island should be immediately pre-
ceeded by a visit to determine if the site is an active nesting col ony.
The use of dredged naterial islands by birds will occur with or wthout
managenment.  \Wen colonies are present, scheduling of subsequent disposal
operations and placerment of material should be planned to mnimze disrup-
tion of the disposal operations as well as of the nesting colonies involved.
Destruction of the nests of all colonial waterbirds is a crimnal offense
puni shabl e by fine and/or inprisonnent.

4-18. Aquatic Habitat Devel opnent.

a. Aquatic habitat devel opment refers to the establishment of bio-
| ogical comunities on dredged material at or below mean tide. Potential
devel opments include such comunities as tidal flats, seagrass neadows,
oyster beds, and clamflats. The bottonms of many water bodies could be

altered using dredged material; in many cases this would simultaneously im
prove the characteristics of the site for selected species and pernit the
di sposal of significant quantities of material. Planned aquatic habitat

devel opment is a relatively new and rapidly nmoving field; however, with the
exception of many unintentional occurrences and several small-scale denon-
stration projects, this alternative is largely untested. There are no
general texts or manuals currently available; however, potential users my
obtain updated information by contacting the Environmental Laboratory at
the U S Arny Engineer Waterways Experiment Station.

b. The mmjor advantages of aquatic devel opnent are that it produces

habitats that have high biological production and potential for w de ap-
plication and can effectively conplenent other habitats.

4-40



EM 1110-2-5025
25 Mar 83

¢c. Aquatic habitats may be highly productive biological units. Sea-
grass beds are recogni zed as exceptionally valuable habitat features, pro-
viding both food and cover for nmany fish and shellfish. Oyster beds and
clam flats have high recreational and commercial inportance. Dredged mate-
rial disposal projects affecting aquatic comunities often incur strong
criticism and in these instances reestablishment of simlar conmunities
my be feasible as a nmitigation or enhancenent technique. In many in-
stances it will be possible to establish aquatic habitats as part of narsh
habi tat devel opnent.
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